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[57] ABSTRACT

The device for storing the amplitude of an electric sig-
nal comprises a storage cell having a capacitor which
is intended to be charged by the signal through a
diode and means for reading the charging voltage. The
device comprises a cell for correcting variations in dy-
namic resistance of the diode, the correction cell hav-
ing the same electrical characteristics as the storage
cell and being subjected to the same signals, and
means for injecting upstream of the storage cell a cur-
rent which is proportional to the error voltage arising
from the current which passes through the diode.

9 Claims, 6 Drawing Figures
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1
DEVICE FOR STORING THE AMPLITUDE OF AN
ELECTRIC SIGNAL

This invention relates to a device for storing the am-
plitude of an electric signal having a limited time-width
or duration which can be very short. The amplitude
which will be considered hereinafter will be that of the
voltage of the signal since a measurement of current
can always be converted to a measurement of voltage.

An ideal memorization or storage device would be
one in which the exact value of the amplitude of a sig-
nal would be recorded even in the case of a signal of in-
finitely short duration and in which this information
would be retained indefinitely until it is either utilized
or erased. Real memory or storage devices fail to satisfy
these ideal conditions. The quality of a device is usually
evaluated on the basis of the three following character-
istics:

The systematic error (expressed either as relative
value or as absolute value); this error, which is propor-
tional to the difference between the recorded ampli-
tude V, and the amplitude applied to the input V ;, must
be as small as possible and must not vary to any appre-
ciable extend over a broad dynamic range of operation;

The access time ¢, (minimum time during which the
information must be applied to the input in order that
the recorded information should not differ by more
than e percent of the applied information): this time in-
terval must be as short as possible;

The holding time ¢,, (maximum time during which
the device retains the recorded result with a relative
error of less than e percent; this time interval must be
as long as possible.

The conventional device which is employed for re-
cording the amplitude of an electric pulse consists of a
diode placed. in series with a capacitor: this device is
subject to a systematic error which corresponds to the
displacement voltage of the diode and has a holding
time which. is limited by the leakage currents through
the parasitic resistances of the circuit. Attempts have
already been made to eliminate the systematic error by
associating with the diode a current generator which
causes a continuous low current to flow therein and to
reduce the access time by reducing the value of the ca-
pacitance. However, this reduction also reduces the
holding time.

The aim of the present invention is to provide a de-
vice for storing the amplitude of an electric signal
which provides more effective compliance with practi-
cal requirements than devices of the prior art, espe-
cially insofar as it has a short access time and a system-
atic error which is also of small magnitude and substan-
tially independent of the shape of the applied signal (in
particular of its steepness). The device according to the
invention comprises. a capacitor which receives a
charge current produced by said signal across a diode
and if necessary a matching stage and which is charged
at a voltage substantially proportional to said ampli-
tude. The device is primarily characterized in that it
comprises a cell for correcting variations in dynamic
resistance of the diode, said correction cell having the
same electrical characteristics as the storage cell and
subjected to the same signals, and means for injecting
upstream of the storage cell a current which is propor-
tional to the error voltage arising from the current
which passes through the diode.
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The invention also proposes, with a view to increas-
ing the holding time, an assembly which is constituted
by a plurality of cascade-connected devices of the
above-mentioned type and which retains the short ac-
cess time of the first device considered separately.

A better understanding of the invention will be
gained from the following description of a device con-
stituting a particular mode of application of the inven-
tion which is given by way of non-limitative example,
and of a comparison between this latter and a device in
accordance with the prior art. Reference is made in the
description to the accompanying drawings in which:

FIG. 1 is a schematic diagram of a conventional am-
plitude - storage device incorporating a current-
generating input stage;

FIG. 2 is a curve representing the variation in curr-
rent passing through the diode of FIG. 1 as a function
of the voltage applied thereto, and showing the curva-
ture or bend of the characteristic curve and the resul-
tant variation in resistance;

FIG. 3 shows the curve of variation of the output
voltage V, of the circuit arrangement of FIG. 1 as a
function of time; )

FIG. 4 is a schematic diagram of the device according
to the invention;

FIG. 5 is an explanatory diagram which brings out the
mode . of correction employed in the device of FIG. 4
in order to reduce the access time;

FIG. 6 is a diagram of a device which differs essen-
tially from the device of FIG. 4 in that it comprises a
number of cascade-connected stages.

The device shown diagrammatically in FIG. 1 is in-
tended to store the amplitude Vj of the voltage of an

input electric signal. This device comprises in conven-
tional manner a diode 10 connected in series with a ca-
pacitor 12 having a capacitance C. If a voltage Vis ap-
plied to the diode, there appears and is maintained at
the terminals of C a voltage V, which is equal to the dif-
ference between V, and the displacement voltage V,
of the diode 10. As has been stated earlier, said dis-
placement voltage can be eliminated by associating
with the diode 10 a pre-biasing circuit (not shown)
comprising a current generator which passes a constant
current i, of low value through the diode 10 in the for-
ward direction. Any displacement which may still exist
in the polarization in the state of rest disappears in the
signals V, and V; which are counted from these polar-
izations. '

The device which is illustrated in FIG. 1 also com-
prises an impedance-matching input stage. A stage of
this type is often made necessary by the excessive inter-
nal impedance of the generator which delivers the am-
plitude signal V; to be measured. The input stage
which is illustrated is constituted by a transistor 14, the
emitter and collector of which are connected respec-
tively to the source of supply and to ground (earth)
through resistors having the same value r. The ampli-
tude signal V; to be measured is applied to the base and
the voltage applied to the diode 10 is taken from the
terminals ofithe collector resistance 16. This resistance
16 is then equivalent to a voltage source having an elec-
tromotive force Vz and an internal impedance r. As the

- output takes place on the collector of the transistor 14,

65

any voltage modifications which take place at the out-
put have only a negligible influence on the input.

The device of FIG. 1 has a serious defect by reason
of the variation in apparent resistance of the diode 10
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over the range of current-voltage characteristics as
shown diagrammatically in FIG. 2. In this figure, the
bias voltage and the corresponding current are desig-
nated by the references v, and i, whilst the voltage and
the current for one particular point of operation are
designated by the references v, and i;. The static resis-
tance of the diode at this point of operation is accord-
ingly equal to:

V- Vilig-i,
(1)

It is apparent that, as the capacitor 12 is charged and

the current decreases within the diode 10, so the resis-
tance is modified. By integration, it is possible to calcu-
late in an approximate manner the variation in output
voltage V, as a function of the input voltage V and to
plot the curve of FIG. 3; this curve shows:

A fast rise of the voltage V, during a time interval ¢,
- t,, the duration of which is dependent on the time con-
stant rC and is of the order of a few nanoseconds in the
case of a storage cell which makes use of a capacitor
having a value of a few picofarads; the relative error
(Vg- V,)/Vg at the instant ¢, is usually about 15 per-
cent.

An asymptotic variation of V, beyond t,, of the form:

V,= Vg - AV, =V, - Log (1)/at + B/Vy

(2)

The above formula shows that V, is always smaller
than V. by a quantity AV, which tends towards zero
progressively as the time of application of V is length-
ened. In practice, in the case of ordinary devices, it is
only necessary to ensure that ¢, - ¢, is of the order of
300 nanoseconds in order that the relative error (Vi -
V,)/Vg should be reduced to 1 percent. The time inter-
vals t; - t; and ¢, - ¢, as well as the constants k, & and
B are practically independent of the type of diode.

Formula (2) shows that the error in the measurement
of Vg is independent of V, as soon as the voltage has
a sufficiently high value which, in practice, is higher
than about 200 millivolts when r = 100 ohms. The sec-
ond term of the dénominator is in fact negligible com-
pared with the first. But formula (2) also shows that the
error represents the voltage drop at the terminals of the
assembly consisting of the diode 10 and the resistor 16.

In order to correct this defect, the present invention
makes use of the following method: the signal V is ap-
plied not only to a storage cell but also to a cell for pro-
ducing a correction signal and comprising a diode, a ca-
pacitor and a resistor, the values of which are the same
as those of the diode 10, the capacitor 12 and the resis-
tor 16 in order to develop at the terminals of the resis-
tor and of the diode a signal having an amplitude which
is substantially equal to that of the error. This signal
which corresponds to the error AV, is then added alge-
braically to the signal V. before being applied to the
measuring diode-capacitor cell. Addition at this level is
made possible by the fact that the amplitude error
given by formula (2) is substantially independent of Vg
and therefore does not change if a correction term is
added to V.

The device shown diagrammatically in FIG. 4 com-
prises a storage cell constituted by elements corre-
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4

sponding to those of FIG. 1 and designated for the sake
of enhanced clarity by the same reference numeral fol-
lowed by the prime index. The output signal V, is col-
lected from a capacitor 12’ having a capacitance C and
charged through the diode 10‘. In addition, there is
again shown a transistor 14’, the collector circuit of
which comprises a resistor 16’ having a value r, the
voltage for driving the diode 1€’ being collected at the
terminals of said resistor.

The device of FIG. 4 additionally comprises a cell for
producing a correction voltage AV ,, constituted by el-
ements having the same characteristics as those of the
storage cell proper. This circuit comprises a diode 20
having the same characteristics as the diode 16’ and a
capacitor 22 having the same capacitance C as the ca-
pacitor 12'. The capacitor 22 is charged through a cur-
rent-generating circuit which constitutes a duplication
of the circuit which charges the capacitor 12 this cir-
cuit comprises a transitor 24 of a type which is comple-
mentary to the transistor 14’ (n-p-n if the transitor 14’
is of the p-n-p type), the amplitude signal V to be mea-
sured being applied to the base of said transistor. The
collector of the transistor 24 is connected to the supply
voltage (+ 24 volts, for example) through a resistor 26
having the same value r as the resistor 16’. Similarly,
the emitter of the transistor 24 is coupled to the emitter
of the transistor 14’ through a resistor 28 having sub-
stantially the same value r as the resistors 16’ and 26.
The correction voltage collected at the terminals of the
diode 20 is applied to the base of a separating transistor
30, the collector of which is connected through a shock
resistor 36 to the input of the diode 10'. In the emitter,
a resistor 38 provided with a decoupling capacitor 34
ensures correct biasing of the transistor 30. A resistor
32 having a value equal to r is connected in series with
this biasing network. Under these conditions, and pro-
vided that the input impedance of the transistor 30 is
substantially higher than the resistance r, there is not
any reaction from one cell to the other and the error
voltage V,» (produced by the correction cell) has the
same variation in time as that of the error voltage AV,
within the storage cell proper. In other words, the tran-
sistor 30 injects a current Ai determined by the resistor
32 having a value equal to r:

Ai = AV ofr

Said current which passes through the resistor 16’
having a value equal to r produces an equivalent cor-
rection electromotive force equal to AV ,,.

In consequence, the correction can be represented
schematically as shown in FIG. 5. In this figure, V -
AV, designates the output voltage as it appears in the
case of the diagram of FIG. 1. The curve Vi + AV,,
represents the electromotive force of the generator
equivalent to the circuit having an internal impedance
r (resistor 16’) which charges the capacitor through the
diode 10’. Finally, the curve V, gives the variation in
the corrected output voltage as provided by the device
of FIG. 4, It is apparent from this curve that the access
time (namely the time which is necessary to attain the
input amplitude to within € percent) is substantially re-
duced. By way of example, it can be stated that the de-
vice of FIG. 4, in which provision is also made for cor-
rection capacitors, has made it possible to reduce the
access time necessary for ensuring that V, is equal to
the input voltage to within 1 percent from approxi-
mately 300 nanoseconds to approximately 5 nanosec-
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onds. It must also be noted that the value r of the resis-
tors 16’, 26 and 28 is not critical and has little influ-
ence as long as it is smaller than 200 ohms.

It is assumed in the schematic diagram of FIG. 4 that
the current gains of the transistors are very high and
that absolute identity can be achieved between on the
one hand the storage cell and the transistor 14’ and, on
the other hand, the correction cell and the transistor
24. In fact, the current gains have a finite value and thie
currents which pass therein are not of strictly equal
value. Finally, the transistor 30 injects upstream of the
diode 16’ a current Ai, the value of which is not exactly
AVy,/r. In consequence, the resistors 16’, 28 and 26
will not have exactly a common value r in practice and
it will be found necessary to provide the resistor 28
with a value which is slightly smaller than the common
value of the resistors 16’ and 26 in order to endow the
transistors 14’ and 24 with a gain which is slightly
greater than 1 and compensates for the loss of level.

Similarly, the value of the resistor 32 will also be.

slightly lower than that of the resistors 16’ and 26.
Moreover, the existence of parasitic capacitances and
the decrease in current gain when the frequency in-
creases entails the need to introduce correction capaci-
tors of low value (not illustrated in FIG. 4) which tend
to shorten the time interval ¢,- ¢,. I

The device illustrated in FIG. 4 has a much shorter
access time than devices of the prior art. However, its
holding time is not improved since this latter is largely
determined by the input impedance of the circuit into
which the capacitor 12’ is discharged. The invention:
also proposes a device as hereinabove defined but
which is additionally characterized by a substantlally,
longer holdmg time.

This result is achieved by connecting in cascade a'
plurality of stages of the type illustrated in FIG. 4, but‘
in which the value of the storage capacitance 12’ in-
creases with the positional order of the stage, in such’
a manner as to ensure that the holding time of any one.
stage is compatible with the access time of the follow-
ing stage, taking account of the maximum error. In the
description which now follows, the supplementary sys-
tematic error introduced as a result of multiplication of
the stage number n must not be confused with the er-
rors which are liable to be introduced as a result of an
access which is too slow at the input of a device or of
a holding time at the output which is too short.

It is logical to adopt the same common value € in the
case of these three distinct relative errors..

The inventors have also noted that the following
facts:

the ratio of an access time to a holding time in the
case of one stage remains substantially constant when
these parameters are modified under the action of a
modification of the capacitance 12" ;

again in the case of one stage, the holding times ¢,, at

€ percent and ', at €/n percent are related by the ap-
proximate equation:

thn=n.t'm, ;

the access times ¢, at € percent and t', at €/, percent
are related by the approximate equation:

t'a=1t; (1 +n-1/ne),thatis, t', =1,

If the holding time for one stage at e/n percent is

close in value to the access time (at € or €/, percent)

_of the following stage, an additional uncertainty is in-

20

25

30

6

troduced and close in value to €/,. Independently of
any errors which are liable to be introduced and taking
into account the access time at € percent of the first
stage and of the holding time at € percent of the last
stage, there exists an additional overall systematic error
which is equal to (n - 1) €/,, which is therefore substan-
tially equal to e.

In short, the recorded level undergoes a relative devi-
ation equal to 3 € when there is applied to the input of
the device a rectangular pulse, the duration of which
varies between the access time at € percent of the first
stage and the holding time at e percent of the last stage.

Therefore, when the minimum access time and maxi-
mum holding time are defined in respect of a maximum
error 3 ¢, the foregoing considerations make it possible
to determine the number n of necessary stages, the
characteristics of the end stages, and the law of pro-
gression of the storage capacitance C:

CP=Cu 'm®Da(e-)
wherein p designates the order of the stage.

~“The device according to the invention which is illus-
trated diagrammatically in FIG. 6 is made up of three

cascade-connected stages. The number of three stages
is clearly not given by way of limitation, although the
gain obtained from an additional stage does not usually
justify the increased complexity.

“The Tirst stage T is practically identical in construc-
tional design to the stage illustrated in FIG. 4 and the

'same reference numerals are employed in both cases.

" However, there are shown in FIG. 6 capacitors 38 for
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correcting the effect of parasitic capacitances and of
variations in the characteristics of the transistors as a

‘function of the frequency.

The output signal of the storage cell is applied to the
base of the transistor 40’ which is mounted as an impe-
dance matching circuit and drives the second stage II.
This second stage is very similar to the first in construc-
tional design and will not be fully described. It must
simply be noted that stage II does not have any capaci-
tors for correcting parasitic capacitances since the ca-
pacitor 12'’, which performs the same function as the
capacitor 12’ of stage I, has a higher value and makes
the action of said parasitic capacitance negligible. The
ratio between the capacitances of the capacifors 12"’
and 12’ is substantially equal to the ratio of the access
time of stage I (namely the holding time of the first
stage) to the access time of stage 1. By way of example,
a device which has actually been constructed com-

‘prises a capacitor 12" having a value of 50 picofarads

and a capacitor 12'' having a value of 1,000 picofarads.
Stage 111 has a constructional design which is practi-
cally identical with that of stage Il and the stored out-

- put voltage is read from the emitter resistor of the tran-

60
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sistor 40’' of the matching stage; while remaining
within the scope of the example given above, it will be
found necessary to adopt a capacitor 12"’ having a
value of approximately 20,000 picofarads. Again in the
case of the example, there is thus obtained an access
time with e= 5 percent which is 5 nanoseconds and a
holding time with e= 5 percent of 400 microseconds
with an non-linearity of the order of 1 percent over the
entire operating range which extends from.200 milli-

volts to 8 volts.
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It is readily apparent that the invention is not limited
to the particular embodiments which have been de-
scribed by way of example with reference to the draw-
ings and that the scope of this patent extends to alterna-
tive forms of either all or part of the arrangements de-
scribed which remain within the definition of equiva-
lent means.

What we claim is:

1. An electrical circuit for storing the amplitude of an
electric signal, comprising:

an input stage for impedance matching,

connected to said input stage a storage cell having a

first diode and a first capacitor,
connected to said input stage a correcting storage
cell having a second diode and a second capacitor
with substantially the same electrical characteris-
tics as those of said first diode and first capacitor,

means for collecting the voltage at the terminals of
said second diode and for applying said voltage on
the input of said storage cell, and

means for sensing the charging voltage of said first

capacitor.

2. An electrical circuit according to claim 1, wherein
said input stage for impedance matching is a current-
generating stage.

3. An electrical circuit according to claim 2, wherein
said input stage comprises a first transistor and a sec-
ond transistor complemtary of said first transistor, the
collector of said first transistor being connected to
ground through a resistance of value r and connected
to said first diode, the emitter of said first transistor
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being coupled to the emitter of said second transistor
through a resistance having substantially the value r,
the collector of said second transistor being connected
to a power supply through a resistance having substan-
tially the value r and connected to said second diode,
the electric signal to be stored being applied to the base
of said second transistor.

4. An electric circuit according to claim 2 wherein
said means for collecting the voltage at the terminal of
said second diode and for applying said voltage on the
input of said storage cell include a transistor mounted
as a separating stage between said second diode and
said first diode.

5. An electric circuit according to claim 2 wherein
said first diode is pre-biased.

6. An electrical circuit according to claim 1 wherein
said means for collecting the voltage at the terminal of
said second diode and for applying said voltage on the
input of said storage cell are constituted by a transistor
mounted as a separating stage between said second
diode and said first diode.

7. An electrical circuit according to claim 1, wherein
said first diode is pre-biased.

8. An electrical circuit comprising a series of stages,
each stage being an electrical circuit according to claim
1, the access time of each stage being substantially
equal to the holding time of the preceding stage for the
same value of the relative reference error.

9. A device according to claim 8, wherein an im-
pedancematching transistor mounted as a current gen-

erator is disposed between the successive stages.
3 * #* * *



